The Shanmen Ag deposit, located in the southeastern part of the Siping area, Jilin Province, is one of the large-scale Ag deposits in Northeastern (NE) China. Almost all Ag orebodies, Ag-bearing quartz-sulfide veins are strictly controlled by NE-trending faults or brittle fractures and are hosted in the Yanshanian monzonite and quartz diorite. In terms of deposit geology, three mineralization stages are recognized: the pyrite-quartz stage (I), the quartz-Ag-polymetallic sulfide stage (II), and the carbonate-quartz stage (III). The research results of the fluid inclusions in the different stages indicate that the early stage (Stage I) mainly contains three types of fluid inclusions: liquid-rich two-phase (L-type), vapor-rich two-phase (V-type), and CO 2 aqueous multi-phase (C-type). The fluid belongs to a medium-high temperature and medium-low salinity H 2 O-NaCl-CO 2 system and has boiling characteristics. The middle stage (Stage II) is mainly characterized by liquid-rich two-phase (L-type) and vapor-rich two-phase (V-type) inclusions, in which the mixing of fluids of different nature leads to the escape of CO 2 . Only liquid-rich two-phase (L-type) inclusions are distinguished in the late stage (Stage III). The fluids of two later stages belong to the medium-low-temperature and low-salinity H 2 O-NaCl system. Homogenization temperatures from the early to late stages range from 272.2 to 412.5 • C, 124.1 to 313.3 • C, and 128.6 to 224 • C, respectively. Fluid salinities in the early to late stages range from 1.6 to 12.1, 1.4 to 8.9, and 0.4 to 5.8 wt.% NaCl equivalent, respectively. The gradually decreasing trends of homogenization temperatures and salinities and the reduction in the CO 2 content indicate that the release of CO 2 and the low-temperature environment are important causes of the precipitation of Ag-bearing minerals. The δ 18 O H2O values of the ore-bearing quartz veins in the different stages range from −3.7 to +8.1% , and the δD values of fluid inclusions in the quartz range from −113 to −103% , indicating that the initial ore-forming fluid was mainly derived from magma and that the input of meteoric water gradually increased during the mineralization process. The δ 34 S values (ranging from −11.4% to +1.8% ) and Pb isotope compositions ( 206 Pb/ 204 208 Pb/ 204 Pb = 38.062-38.251) of sulfides suggest that the ore-forming materials have mixed mantle and crustal sources. Therefore, we propose that the release of CO 2 and the low-temperature environment are important conditions for silver minerals precipitation, and the mixing of fluids of different nature is the dominant mechanism causing precipitation. The Shanmen Ag deposit can be classified as an intrusion-related medium-low temperature hydrothermal vein-type deposit.
Introduction
Northeastern China (NE China) is located in the eastern part of the Central Asian Orogenic Belt (CAOB) and the northern margin of the North China Plate (Figure 1a ). It has belonged to the Paleo-Pacific Metallogenic Belt since the Jurassic period. This area is one of the most important metal belts in China, hosting a large number of gold, silver, copper, lead, zinc, molybdenum, and iron deposits. The silver deposits in NE China are mainly distributed in the Lesser Xing`an Range, Eastern Jiamusi and Khanka Massif, as well as the Manzhouli area of Inner Mongolia (Figure 1b) . The most well-known large deposits are the Chaganbragen Ag-Pb-Zn deposit, Eren Tolgoi Ag deposit, Jiawula Ag-Pb-Zn deposit in Xin Barag Right Banne, and the Shanmen Ag deposit in the Siping area. The Shanmen Ag deposit is located 11 km southeast of Shanmen County (43°5ʹ00ʺ N, 124°26ʹ30ʺ E) ( Figure 1c ), and the tectonically accreted zone between the eastern section of the Xing'an Mongolian Orogenic Belt (eastern part of the CAOB) and the northern margin of the North China Plate. Its silver reserves exceed 1200 t and have an average grade of 189.35 g/t, and the associated gold reserves are 7.8 t, with an average grade of 1.24 g/t. As one of the large-scale Ag deposits The Shanmen Ag deposit is located 11 km southeast of Shanmen County (43 • 5 00" N, 124 • 26 30" E) ( Figure 1c ), and the tectonically accreted zone between the eastern section of the Xing'an Mongolian Orogenic Belt (eastern part of the CAOB) and the northern margin of the North China Plate. Its silver Minerals 2019, 9, 586 3 of 29 reserves exceed 1200 t and have an average grade of 189.35 g/t, and the associated gold reserves are 7.8 t, with an average grade of 1.24 g/t. As one of the large-scale Ag deposits discovered in NE China, the Shanmen Ag deposit not only has important commercial value, but is significant for studying the metallogenesis of silver mineralization in NE China as well. Since the discovery of the deposit in the 1980s, studies of ore formation conditions, geological characteristics, and isotopic characteristics have been carried out, but a genetic classification of the type of mineralization remains controversial. Wang [3] , Huang et al. [4] and Tian et al. [5] considered the Shanmen Ag deposit to be a medium-temperature magmatic hydrothermal vein-type deposit, but Fu [6] and Wang [7] suggested that it is an epithermal deposit. Their studies have mainly focused on the geochronology of the host rocks, structural characteristics and isotopic geochemistry. But tests about ore-forming fluids such as fluid inclusions have not been done. The controversy of the genetic type of the deposit has seriously limited ore prospecting in the deep and peripheral parts of the mining area. In general, the key to reaching a consensus on ore genesis is the source and evolution of the ore-forming fluids and materials.
To determine the ore genesis of the Shanmen Ag deposit, we conducted a detailed study focusing on deposit geology, fluid inclusions from different stages of mineralization, H isotopes in water from fluid inclusions in ore-bearing quartz, O isotopes of the quartz, S and Pb isotopic compositions of sulfides. Using these data, we determined the nature, source and evolution of ore-forming fluids and metals in detail. Combined with the unpublished chronological data, this study can not only help us to determine the ore genetic type, but understand the mechanism of ore concentration, transportation and precipitation in detail as well.
Regional Geology
Since the Paleozoic era, NE China has experienced subduction and collision between the North China Plate and the Siberian Plate, subduction and closure of the Paleo-Asian Ocean Plate, and subduction of the Paleo-Pacific Plate [8] [9] [10] , leading to an extremely complex tectonic setting with large-scale magmatism. In particular, the westward subduction of the Paleo-Pacific Plate resulted in the emergence of a large number of Mesozoic granites and volcanic rocks, which have close spatial, temporal and genetic relationships with many Mesozoic endogenetic metal deposits in NE China [10, 11] .
The studied Siping area is located in the southern region of the Jilin Province and tectonically located in the continental margin of the southern margin of the Songnen Block and the northern margin of the North China Plate (Figure 1b) . A large number of complexes on the continental margin have recorded the process of southward Paleozoic subduction and final closure of the Paleo-Asian Ocean Plate in the Late Permian to Early Triassic [12, 13] . The exposed sedimentary rocks in the study area are composed of early Paleozoic volcano-sedimentary rocks, Mesozoic continental volcaniclastic rocks, and Quaternary clastic sediments. According to the emplacement ages, the intrusions in this area can be divided into three phases: (1) the early Paleozoic diorite with the age of 445-400 Ma; (2) the late Paleozoic granite and diorite with the age of 367-350 Ma; and (3) the Mesozoic granite with the age of 175-163 Ma [13] [14] [15] (Figure 1c ). The structures in this area are dominated by NE-trending faults, consisting of three main faults and some secondary faults (Figure 1c ). From west to east, the main faults are the Dehui-Siping Fault, Banlashanmen Fault, and Yitong-Yilan Fault, which divide the area into four secondary tectonic units: Songliao Interruption, Daheishan Horst, Yitong-Yilan Rift, and Liaoyuan Uplift [16] . The Shanmen Ag deposit is located in the Daheishan Horst in the western part of the Yitong-Yilan Fault. The Yitong-Yilan Fault and its secondary faults are the main ore-controlling structures. In addition to the Shanmen Ag deposit, other metal deposits such as the Sanjiazi scheelite deposit and Shanmen nickel deposit occur in the area. Studies have shown that their formation is related to the Mesozoic magmatism [17] .
Ore Deposit Geology
The exposed sedimentary rocks in the Shanmen Ag deposit are mainly metamorphosed clastic rocks and carbonate rocks of the middle Ordovician Huangyingtun Formation, which have an overall strike of NNE direction and are consistent with regional tectonic structures (Figure 2a ). Due to the influence of post-structural magmatism, the Huangyingtun Formation is mostly distributed in belt and island shapes in the eastern part of the mining area. Feng et al. [16] determined that the average content of silver in the Huangyingtun Formation is 10 times higher than the Clarke value [18] , which is very beneficial to Ag enrichment and mineralization process. The types of intrusions include intermediate-acidic rocks such as monzonite, quartz diorite, biotite granite, and rhyolite and dykes such as diorite porphyry and lamprophyre. The monzonite and quartz diorite have a close spatial relationship with the Ag-Au mineralization, but the former has a relatively larger exposed area, hosting most of the ore bodies. Monzonites exhibit a medium-to fine-grained granitic texture and massive structure, and mainly contain quartz, plagioclase and potash feldspar. As closer to the ores, they started to alter and formed some muscovites. The structures in this area are dominated by ductile-brittle deformation and appear to have controlled fluid concentration and silver deposition. They mainly develop in a NNE direction, and can be divided into three stages: (1) NNE ductile shear zones control the overall directions of intrusions ( Figure 3a ). They reflect a trending direction of N25 • E to N45 • E and intrusions have shown extensive ductile deformation under the influence of the ductile shear zones. (2) Brittle fractures that superimposed on the ductile shear zones ( Figure 3a ); they crosscut intrusions and host most of the orebodies. As ore-controlled structures, these brittle fractures are closely associated with the formation of the Ag-rich quartz veins. (3) A small number of NW-trending faults that are post-ore-forming structures and developed after mineralization ( Figure 3b ). They crosscut both deformed intrusions and orebodies and do not have any remobilization effects.
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The Ag-bearing ores are characterized by quartz veins or fractured altered rocks, among which the quartz vein type is dominant and has a relatively high Ag grade (Figure 6a Figure 6e ) and kaolinization. In the quartz diorite, these are mainly silicification, sericitization, and carbonation ( Figure 6f ). Note that some micas, such as muscovite and sericite, are clearly observed inside the monzonite and quartz veins, which has different morphology. Muscovite can be classified into two types via the crystallinity. Those with relatively good crystallinity mostly grow in monzonite with slight alterations, having apparent crystalline structure ( Figure 6c ), and are similar to greisen-like alteration. The others, with a fine-grained structure, are closely symbiosis with sericite and calcites near the ores. Sericites are spatially close to the ores and have microcrystalline structure (Figure 6e ,f). Therefore, we consider that coarse-grained muscovite formed before or early in mineralization, whereas sericite were formed nearly simultaneously with silver mineralization. Field observations and petrography studies indicate that the silicification and sericitization occurred near ore minerals as well. The orebodies filled in the NNE-trending faults in the mining area and veins and veinlets are lenticular (~5-200 m) and layered. They are mainly controlled by fractures in monzonite and their overall trend is consistent within the tectonic belt. In the Shanmen ore district, Wolong and Longwang ore blocks are the most important. The Wolong ore block, located in the middle of the mining area, hosts more than 10 proven ore bodies. Most of them are concealed-semi concealed orebodies. They dip NW at an angle of 20-60 • with greatly varied thickness and spread nearly parallel with fractures. The Longwang ore block, located in the northern part of the mining area, has a slightly smaller scale but higher grade. It includes 28 proven orebodies-all of which are concealed vein-type orebodies. They evidently fill in brittle fractures in the monzonite and their occurrence is similar to the orebodies in the Wolong ore block but with larger dip angles ( Figure 2b) .
The Ag-bearing ores are characterized by quartz veins or fractured altered rocks, among which the quartz vein type is dominant and has a relatively high Ag grade (Figure 6a Figure 6e ) and kaolinization. In the quartz diorite, these are mainly silicification, sericitization, and carbonation ( Figure 6f ). Note that some micas, such as muscovite and sericite, are clearly observed inside the monzonite and quartz veins, which has different morphology. Muscovite can be classified into two types via the crystallinity. Those with relatively good crystallinity mostly grow in monzonite with slight alterations, having apparent crystalline structure ( Figure 6c ), and are similar to greisen-like alteration. The others, with a fine-grained structure, are closely symbiosis with sericite and calcites near the ores. Sericites are spatially close to the ores and have microcrystalline structure (Figure 6e ,f). Therefore, we consider that coarse-grained muscovite formed before or early in mineralization, whereas sericite were formed nearly simultaneously with silver mineralization. Field observations and petrography studies indicate that the silicification and sericitization occurred near ore minerals as well. According to the mineral paragenetic associations, ore textures and structures, crosscutting relationships of minerals, and wall-rock alteration (Figure 4d -f), the hydrothermal mineralization process can be divided into three stages:
Stage I (pyrite-quartz stage): This stage mainly produced the white ore-bearing quartz veins, and the sulfides in this stage mainly include euhedral-to subhedral-granular pyrite and a small amount of sphalerite and chalcopyrite. Silver mineralization is relatively weak, and alteration in orebodies and monzonite mainly comprises silicification and greisenization. According to the mineral paragenetic associations, ore textures and structures, crosscutting relationships of minerals, and wall-rock alteration (Figure 4d -f), the hydrothermal mineralization process can be divided into three stages:
Stage I (pyrite-quartz stage): This stage mainly produced the white ore-bearing quartz veins, and the sulfides in this stage mainly include euhedral-to subhedral-granular pyrite and a small amount of sphalerite and chalcopyrite. Silver mineralization is relatively weak, and alteration in orebodies and monzonite mainly comprises silicification and greisenization.
Stage II (quartz-Ag-polymetallic-sulfides stage): The ore-bearing quartz has a grayish color ( Figure 3e ), and the metal sulfides in the order of mineral formation are pyrite, sphalerite, chalcopyrite and galena, along with diaphorite, argentite and natural silver. This is the major stage of precipitation of silver minerals. The alteration types associated with Ag mineralization mainly consist of silicification and sericitization.
Stage III (carbonate-quartz stage): Veins formed in this stage are mainly composed of white quartz and calcite, occasionally with pyrite and chalcopyrite. The sulfide content is low, and the main alteration types are chloritization and carbonation.
Samples and Analytical Methods
The samples used for fluid inclusion and H-O isotope studies were collected from the quartz vein-type ore in the Longwang ore block of the Shanmen Ag deposit. Samples SM-6 and SM-14 were collected from the number 6 orebody in the number 48 exploration line, which are pyrite-quartz veins formed in Stage 1. Samples SM-9, SM-10, SM-20, and SM-23 were taken from the number 6 ore body in the number 44 exploration line, which is the polymetallic-sulfides grayish quartz veins formed in Stage 2. Sample SM-16 was chosen from the number 3 orebody in the number 44 exploration line on the surface, which is the white carbonate-quartz veins in Stage 3. Pure pyrite, sphalerite, and galena samples for S and Pb isotope studies were chosen from high-grade Ag polymetallic sulfide ore samples from the number 6 orebody of the number 44 exploration line in the Longwang ore block, SM-21 and SM-23, which formed in the main ore-forming stage (Table 1) . 
Fluid Inclusion Analytical Methods
Quartz veins closely associated with the ores in each mineralization stage were selected to make doubly polished fluid inclusion thin sections with a thickness of about 0.2 mm. Then, they were measured in the Fluid Inclusion Laboratory of the Chinese Academy of Geological Sciences, Beijing, using a Linkam THMS G600 micro hot-cold stage to carry out petrographic observation and microthermometry analysis of inclusions within a temperature range of −196 to +600 • C and with an accuracy of +/− 0.1 • C. During the test, the temperature was first cooled to −100 • C and the sample was allowed to stand for 1 min; then, the temperature was gradually increased. The temperature increase rate was 2 • C/min near the ice melting temperature and 5 • C/min when the temperature was close to the uniform temperature. A Renishaw System-2000 Raman spectrometer was used to carry out laser Raman spectroscopy analysis of the gas phase composition. The laser had an excitation wavelength of 514.53 nm, power of 20 mW, beam spot of 1 µm, and spectral resolution of 1-2 cm −1 .
For aqueous two-phase inclusions, the salinity can be calculated according to the measured ice melting temperature using the equation provided by Potter et al. [19] , and the fluid density can be calculated by the formula provided by Liu and Duan [20] . For CO 2 -bearing multi-phase inclusions, the salinity can be calculated from the melting temperature of solid CO 2 using the equation provided by Bozzo et al. [21] , and the fluid density can be estimated according to the formula provided by Touret and Bottinga [22] .
H-O Isotope Analysis
The quartz samples in all three mineralization stages for H-O isotope tests were collected together with those in use of fluid inclusions. Quartz was handpicked under a binocular microscope to ensure a purity of more than 98%. The H-O isotope tests were completed at the Research Institute of Uranium Geology, Beijing, using a MAT-253 mass spectrometer. O isotope compositions were determined by the conventional BrF 5 method. H isotopic compositions were determined by decrepitation of fluid inclusions in quartz samples. The CO 2 was separated from H 2 O by using a liquid-nitrogen cold trap system and the H 2 O was reduced to H 2 by passing it over a uranium metal-bearing tube. The test values were based on the SMOW international standard, with analytical precisions of ± 2% for δD and ± 0.2% for δ 18 O. The δD values can be determined directly, but the δ 18 O H2O values need to be calculated using the equation 1000lnα = 3.38 × 10 6 /T 2 − 3.40 [23] based on the average homogenization temperatures of fluid inclusions and the oxygen isotope fractionation coefficient of the quartz-water system.
S and Pb Isotope Analysis
The S and Pb isotope tests of sulfides were completed at the Research Institute of Uranium Geology, Beijing as well. The sulfides were pulverized to 200 mesh before the test and handpicked under a binocular microscope to ensure a purity of more than 95%. In the S isotope composition analysis, the sulfides and Cu 2 O were heated under vacuum to form sulfur dioxide, which was then analyzed by a Delta V Plus gas isotope mass spectrometer. δ 34 S values were reported in V-CDT (Vienna standard troilite in Canyon Diablo meteorite) standard, and the test accuracy was about ± 0.2% . For the Pb isotope ratio analysis, the sulfide samples were first leached with hot acid and then tested on an Isoprobe-T hot-surface ionization mass spectrometer using the standard sample NBS981. The Pb isotope test values are 208 Pb/ 206 Pb = 2.1681 ± 0.0008, 207 Pb/ 206 Pb = 0.91464 ± 0.00033, and 204 Pb/ 206 Pb = 0.059042 ± 0.000037, respectively, and the test accuracy was higher than 0.08%.
Results

Fluid Inclusions
Fluid Inclusion Types
Petrographic studies indicated that fluid inclusions are abundant in the ore-bearing quartz veins from all three mineralization stages at the Shanmen Ag deposit. We classified primary and secondary inclusions by their shapes and distribution. The former is distributed independently or in clusters and hosted in intragranular quartz crystals, whereas, the latter aligned along micro-fractures in transgranular trails [24] . The larger inclusions have a long axis of about 15-20 µm, and the smaller ones have a long axis of less than 2 µm. In the smaller inclusions, it was difficult to observe phase changes during the heating experiments. According to their compositions, phase portions, and ratios at room temperature, primary fluid inclusions were grouped into five types: L-type (liquid-rich two-phase inclusions), V-type (vapor-rich two-phase inclusions), C-type (CO 2 -bearing aqueous inclusions), PL-type (pure liquid inclusions), and PC-type (pure CO 2 inclusions). Because the PL-type and PC-type inclusions are rare and most of them are too small to conduct microthermometry, we only measured the other three types of inclusions. These are described below. CO 2 -bearing aqueous inclusions (C-type): These inclusions can be divided further into two subtypes: two-phase inclusions consisting of liquid water and vapor CO 2 and three-phase inclusions consisting of liquid water, vapor CO 2 , and liquid CO 2 . The latter is more abundant. Most of the inclusions are dominated by the CO 2 phase, have ellipsoidal or subcircular shapes, and are between 4 to 10 µm in diameter. The CO 2 phase was homogenized first during heating and finally homogenized to liquid phase or burst. This type of inclusion can only be observed in Stage I (Figure 7a Liquid-rich inclusions (L-type): These consist of liquid water and relatively small vapor bubbles and have vapor-liquid ratios of 15% to 40%. They have subcircular or irregular shapes and sizes of 5-10 μm. This type of inclusion is abundant in the quartz veins and is homogenized to the liquid phase during heating. They can be observed in each stage (Figure 7a ,e-g).
Vapor-rich inclusions (V-type): This type of inclusion is composed of liquid water and vapor bubbles in large volumes. Their vapor-liquid ratios can be 60% or more. They have ellipsoidal, irregular shapes and sizes between 5 and 10 μm. These inclusions have smaller quantity and are Liquid-rich inclusions (L-type): These consist of liquid water and relatively small vapor bubbles and have vapor-liquid ratios of 15% to 40%. They have subcircular or irregular shapes and sizes of 5-10 µm. This type of inclusion is abundant in the quartz veins and is homogenized to the liquid phase during heating. They can be observed in each stage (Figure 7a ,e-g).
Vapor-rich inclusions (V-type): This type of inclusion is composed of liquid water and vapor bubbles in large volumes. Their vapor-liquid ratios can be 60% or more. They have ellipsoidal, irregular shapes and sizes between 5 and 10 µm. These inclusions have smaller quantity and are often distributed in groups with L-type inclusions. They homogenize to the vapor phase during heating, and mainly occur in Stages II and III (Figure 7d ).
Microthermometry Results
We chose representative fluid inclusions from the three mineralization stages to conduct microthermometry and obtained a total of 162 measurements, as shown in Table 2 . Homogenization temperatures and salinities calculated according to the relevant formulas are shown in Figure 8 . Stage I (early-stage) quartz veins contain mainly L-, V-, and C-type inclusions with a few PC-type inclusions. The L-type inclusions homogenized at a temperature between 191.8 and 390.7 °C, with an average of 299.3 °C (n = 27). The ice melting temperature was between −8.3 and −2.5 °C, and the calculated salinity range was between 4.2 and 12.1 wt% NaCl equivalent They all homogenized to the liquid phase, and the estimated fluid density was 0.63-0.96 g/cm 3 . The number of V-type inclusions was smaller, and the homogenization temperature was 327.5−273.3 °C (average = 343 °C , n = 11). All of these homogenized to the vapor phase. The ice melting temperature was between −5.9 and −5.3 °C, which corresponds to salinities between 6.3 and 8.3 wt% NaCl equivalent, All of these homogenized to the vapor phase. The ice melting temperature was between −5.9 and −5.3 • C, which corresponds to salinities between 6.3 and 8.3 wt% NaCl equivalent, and the fluid density was approximately 0.63-0.96 g/cm 3 . The melting temperature of solid CO 2 in the C-type inclusions was −57.5 to −56.8 • C, slightly lower than that of pure solid CO 2 (−56.6 • C), which indicates the existence of a few other volatiles in the CO 2 phase. The gas CO 2 phase homogenized to the liquid phase with increasing temperature (ranging from 23.4 to 31.1 • C). Then, it homogenized to a CO 2 phase at a temperature of 412.5−272.2 • C, with an average of 319.7 • C (n = 8). A small number eventually burst with increasing temperature. The salinity was 1.6-5.9 wt% NaCl equivalent, and the fluid density was 0.55-0.74 g/cm 3 .
Stage II (middle-stage) quartz veins contain mainly L-type and V-type inclusions, with no C-type, indicating that CO 2 was released at this stage. The L-type inclusions homogenized to liquid at a temperature between 124.1 and 313.3 • C, peaking at 240−160 • C, with an average of 207.4 • C (n = 77). The ice melting temperature was between −5.8 and −0.8 • C, and the calculated salinity range was between 1.4 and 8.9 wt% NaCl equivalent. The estimated fluid density was 0.73-0.98 g/cm 3 . The V-type inclusions homogenized to vapor at a temperature between 153.4 and 272.4 • C, with an average of 194.3 • C (n = 13). The ice melting temperature was between −4.8 and −0.8 • C, which corresponds to salinities between 1.4 and 7.6 wt% NaCl equivalent, and the fluid density was approximately 0.81-0.97 g/cm 3 .
In Stage III (late-stage), only L-type and a small number of PL-type inclusions were observed. The L-type inclusions homogenized entirely to liquid at temperatures ranging from 128.6 to 224.0 • C, with an average of 162.2 • C (n = 33). The ice melting temperature was between −3.6 and −0.2 • C, which corresponds to salinities between 0.4 and 5.8 wt% NaCl equivalent, and the fluid density was approximately 0.90-0.96 g/cm 3 .
Laser Raman Spectroscopy
We selected different types of fluid inclusions from the first two stages for laser Raman spectroscopy analysis to determine their gas components. The results showed that only the CO 2 component was detected in the C-type inclusions in the early stage (Figure 9a,b) , with peak values of 1281, 1384, and 1386 cm −1 , and that the vapor phase components in the L-type and V-type inclusions were mainly H 2 O (Figure 9c,d) . 
H-O Isotopes
In this study, 12 samples spanning all three mineralization stages were analyzed. The data are shown in Table 3 . The ranges of measured δ 18 OV-SMOW values of quartz from Stage I to Stage III are 14.1 to 14.5‰, 11.7 to 13.6‰, and 10.8 to 11.5‰, respectively, and showed a slight descending trend. Using the quartz-water equilibrium function [23] and the homogenization temperature of the inclusion, we calculated the range of δ 18 OH2O from Stage I to III as 7.7 to 8.1‰, 0.3 to 2.2‰, and −3.7 to −3.0‰, respectively. The range of δD values measured directly on fluid inclusions from Stage I to III was −106 to −103‰, −113 to −105‰, and −107 to −105‰, respectively ( Figure 10 ). 
In this study, 12 samples spanning all three mineralization stages were analyzed. The data are shown in Table 3 . The ranges of measured δ 18 O V-SMOW values of quartz from Stage I to Stage III are 14.1 to 14.5% , 11.7 to 13.6% , and 10.8 to 11.5% , respectively, and showed a slight descending trend. Using the quartz-water equilibrium function [23] and the homogenization temperature of the inclusion, we calculated the range of δ 18 O H2O from Stage I to III as 7.7 to 8.1% , 0.3 to 2.2% , and −3.7 to −3.0% , respectively. The range of δD values measured directly on fluid inclusions from Stage I to III was −106 to −103% , −113 to −105% , and −107 to −105% , respectively ( Figure 10 ). Figure 10 . The relational diagram of hydrogen and oxygen isotopic compositions of the ore fluids for the Shanmen Ag deposit. The magmatic, metamorphic water boxes and meteoric water line are from Taylor [25] . The mantle juvenile fluid box is from Craig and Lupton [26] . The Au-Cu series magmatic water box is from Zhang et al. [27] .
S and Pb Isotopes
The results of the S isotope study supplemented by data from the previous literature [28] are shown in Table 4 . The δ 34 SV-CDT values of pyrite, sphalerite, and galena in early-and middle-stages ranged from −11.4 to +1.8‰, with a large distribution range, indicating that the sulfur in the minerals most likely has multiple sources [29] (Figure 11 ). The δ 34 S values of the two pyrite samples in the early stage were +0.4 and +0.3‰, respectively, which are similar to the δ 34 S value of pyrite in monzonite (−1.9 to +0.5‰) [28] . The δ 34 S values of pyrite, sphalerite, and galena hosted in the middle stage were −4.6 to +1.8‰ (average of −1.5‰), −8.7 to +1.2‰ (average of −3.9‰), and −11.4 to −2.7‰ (average of −8.2‰), respectively, in accordance with the order of distribution of S isotope values under equilibrium conditions (δ 34 SPy > δ 34 SSp > δ 34 SGn), indicating that the minerals were the products of the same period of mineralization [30, 31] . 10 . The relational diagram of hydrogen and oxygen isotopic compositions of the ore fluids for the Shanmen Ag deposit. The magmatic, metamorphic water boxes and meteoric water line are from Taylor [25] . The mantle juvenile fluid box is from Craig and Lupton [26] . The Au-Cu series magmatic water box is from Zhang et al. [27] .
The results of the S isotope study supplemented by data from the previous literature [28] are shown in Table 4 . The δ 34 S V-CDT values of pyrite, sphalerite, and galena in early-and middle-stages ranged from −11.4 to +1.8% , with a large distribution range, indicating that the sulfur in the minerals most likely has multiple sources [29] (Figure 11 ). The δ 34 S values of the two pyrite samples in the early stage were +0.4 and +0.3% , respectively, which are similar to the δ 34 S value of pyrite in monzonite (−1.9 to +0.5% ) [28] . The δ 34 S values of pyrite, sphalerite, and galena hosted in the middle stage were −4.6 to +1.8% (average of −1.5% ), −8.7 to +1.2% (average of −3.9% ), and −11.4 to −2.7% (average of −8.2% ), respectively, in accordance with the order of distribution of S isotope values under equilibrium conditions (δ 34 S Py > δ 34 S Sp > δ 34 S Gn ), indicating that the minerals were the products of the same period of mineralization [30, 31] . The results of the Pb isotope study and some previous research results [30, 31] are shown in Table 5 and Figure 12 The results of the Pb isotope study and some previous research results [30, 31] are shown in Table 5 and Figure 12 
Discussion
Nature and Evolution of the Ore-Forming Fluids
The petrography and microthermometric results of fluid inclusions in this study indicate that the L-, V-, and C-type inclusions coexisted in early-stage (Stage I) at the Shanmen Ag deposit, with their homogenization temperature peaking at 340-280 °C and salinity peaking at 4-9 wt% NaCl equivalent (Figure 8a,b) . Various types of inclusions in the same quartz grain are normally distributed independently or in groups-indicating that they were captured at the same time and that the fluid was in an inhomogeneous state [36] . Furthermore, it indicates as well that the homogenization temperature can represent the temperature of the ore-forming fluid when the inclusions in this stage were captured [37] . The L-, V-, and C-type inclusions have similar temperatures but evidently different salinities (Figure 8 ). During the heating process, the L-type inclusions are homogenized to liquid phase, while the V-type inclusions are homogenized to the gas phase, resulting in an evident phase-separation characteristic. The phenomenon indicates that the fluid was boiling when these inclusions were captured [38] . Because of the relatively high temperature, only pyrite and a small amount of sphalerite and chalcopyrite are found in this stage. Minerals that normally form in medium−low temperature, such as silver, were not able to precipitate. Due to the existence of CO2 components in the bubbles (Figure 9a,b) , the ore-forming fluid in the early stage belongs to the medium-high temperature, medium-low salinity H2O-NaCl-CO2 system.
The CO2 origin is the key to interpret the source of ore-forming fluid. According to the field phenomena and fluid inclusions components, almost all of the CO2-bearing quartz veins are distributed inside monzonite, whereas no quartz veins exist at the edge of marble. Therefore, CO2 is more likely to from magma rather than marble. The carbon isotopes of quartz show magmatic origin as well with a range of -4 to -8‰ (unpublished data) [39] . The solubility of CO2 increases with pressure and magma alkalinity [40] , so that CO2-bearing fluids were released when magma migrated upward. Thus, we suggest that CO2 entered hydrothermal fluids as volatile components with a decrease of its solubility in magma. Although the content of CO2 is relatively low in the hydrothermal fluid system, its impact on mineralization cannot be ignored (discussed below).
Mainly V-and L-type inclusions-with rare C-type inclusions-exist in middle-stage (Stage II) , which indicate a massive dissipation of CO2 components during fluid evolution. The possible reasons are; (1) that the physicochemical conditions changed rapidly due to mixing or boiling of fluids [31] ; and (2) that the solubility of CO2 in the fluid is positively correlated with system 
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Mainly V-and L-type inclusions-with rare C-type inclusions-exist in middle-stage (Stage II) , which indicate a massive dissipation of CO 2 components during fluid evolution. The possible reasons are; (1) that the physicochemical conditions changed rapidly due to mixing or boiling of fluids [31] ; and
(2) that the solubility of CO 2 in the fluid is positively correlated with system pressure [41] . The sharp decreasing of pressure due to the fluid entering the fracture when ascending can lead to the escape of CO 2 components as well. Because of the appearance of the two different phenomena (the V-type inclusion homogenized to vapor whereas the L-type homogenized to liquid) during heating and the greatly different salinity (Figure 13) , the ore-forming fluids in the middle stage had the characteristics of mixing fluids with a different nature. By changing the pH, temperature, pressure and other conditions of the fluid, fluid mixing was therefore the most important reason leading to CO 2 escape and an important mechanism causing mineral precipitation as well. The homogenization temperature of inclusions in the middle stage peaked at 240-160 • C, and the salinity peaked at 3-6 wt% NaCl equivalent (Figure 8c,d) . The components of the gas phase were mainly water with no CO 2 components (Figure 9c,d) , indicating that the ore-forming fluid belonged to a medium-low temperature and low-salinity H 2 O-NaCl system.
Only L-type inclusions and a small number of PL-type inclusions were observed in late stage (Stage III). Their homogenization temperature peaked at 180-120 • C and their salinity peaked at 1-4 wt% NaCl equivalent (Figure 8e,f) , which means that the ore-forming fluid belonged to a low-temperature and low-salinity H 2 O-NaCl system. Minerals 2019, 9, 586 19 of 30
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Sources of the Ore-Forming Fluid, Sulfur and Metals
The compositions of the H-O isotopes combined with the homogenization temperatures of the corresponding inclusions can effectively constrain the source of the ore-forming fluid and its evolutionary process [42] . In general, only early-stage minerals are able to reflect the characteristic of original ore-forming fluids [43] . The quartz veins in the early stage show relatively high δ 18 OH2O values (7.7‰ to 8.1‰), consistent with those reported in other magmatic hydrothermal deposits [44] . In the diagram of δ 18 OH2O-δD (Figure 10) , the values are plotted below the primary magmatic water area [25] and near the mantle juvenile fluid [26] and Au-Cu series magmatic water [27] , indicating that the fluid was mainly derived from deep-source magma. The δD values are slightly lower than the distribution of the primary magmatic water (−80 to −40‰) [45] . This may be due to the influence of meteoric water components contained in the secondary inclusions [46] and/or meteoric water that have been input into the hydrothermal system since the early stage [47] . This phenomenon of low δD values is present in some other magmatic hydrothermal deposits as well, such as the Jiapigou gold deposit [48] , Aerhada Pb-Zn-Ag deposit [49] and Haobugao Pb-Zn deposit [50] , and they are all interpreted as being of magmatic origin. The plots in the diagram of Figure 13 . Homogenization temperature versus salinity of Shanmen Ag deposit.
The compositions of the H-O isotopes combined with the homogenization temperatures of the corresponding inclusions can effectively constrain the source of the ore-forming fluid and its evolutionary process [42] . In general, only early-stage minerals are able to reflect the characteristic of original ore-forming fluids [43] . The quartz veins in the early stage show relatively high δ 18 O H2O values (7.7% to 8.1% ), consistent with those reported in other magmatic hydrothermal deposits [44] . In the diagram of δ 18 O H2O -δD (Figure 10) , the values are plotted below the primary magmatic water area [25] and near the mantle juvenile fluid [26] and Au-Cu series magmatic water [27] , indicating that the fluid was mainly derived from deep-source magma. The δD values are slightly lower than the distribution of the primary magmatic water (−80 to −40% ) [45] . This may be due to the influence of meteoric water components contained in the secondary inclusions [46] and/or meteoric water that have been input into the hydrothermal system since the early stage [47] . This phenomenon of low δD values is present in some other magmatic hydrothermal deposits as well, such as the Jiapigou gold deposit [48] , Aerhada Pb-Zn-Ag deposit [49] and Haobugao Pb-Zn deposit [50] , and they are all interpreted as being of magmatic origin. The plots in the diagram of δ 18 O H2O -δD ( Figure 10) show an overall trend towards the meteoric water line from Stage I to III, meaning a relative shift towards isotopic depletion. The δ 18 O H2O values of quartz in Stage III are extremely depleted-indicating the obvious involvement of meteoric water [47] . This is consistent with the low temperatures (120-180 • C) and salinities (1-4 wt%) of fluid inclusions in this stage as well. Except for the meteoric water, the relatively depleted isotopic values of fluids might be because of isotopic exchange by water-rock interaction or magma degassing [51, 52] . Therefore, we conclude that the ore-forming fluid of the Shanmen Ag deposit was derived from magma, with continuous input of meteoric water during the evolution process.
The S isotope composition of sulfides can reflect the source of mineralization in metal deposits. The δ 34 S value of sulfide formed in hydrothermal fluid is affected by temperature, pH, and oxygen and sulfur fugacity and is not always equal to the δ 34 S value of the total hydrothermal sulfur [53, 54] . Under low-oxygen fugacity conditions, sulfur is present in the forms of HS − and S 2− , and the δ 34 S value of sulfide is close to the total δ 34 S value of the fluid [55, 56] . The metal sulfide types of the Shanmen Ag deposit are mainly pyrite, chalcopyrite, sphalerite, and galena, with no sulfate minerals, and the values meet the order of distribution of S isotope values under equilibrium conditions (δ 34 S Py > δ 34 S Sp > δ 34 S Gn ). Therefore, we believe that the δ 34 S value of sulfide is approximately equal to the δ 34 S value of sulfur from fluids [29, 57] . The δ 34 S values of the various sulfides range from −11.4 to 1.8% , with a large distribution range and low δ 34 S values. Existing data show that the relatively low δ 34 S values (less than −10% ) may be due to sulfur isotope fractionation in magma SO 2 hydrolysis and fluid oxidation during the decrease of temperature or to the mixing of sulfur from sedimentation [58] . Because most of the δ 34 S values coincide with the δ 34 S values range of the monzonite and the marble in the Huangyingtun Formation-combined with the phenomenon that the marble is widely distributed in the mining area-we conclude that during the evolution of hydrothermal fluid, the sulfur in the sedimentary rocks was extracted into magma by assimilation. Therefore, it can be concluded that the sulfur of the Shanmen Ag deposit has a mixed source of magma and host rocks.
The composition of Pb isotopes of metal sulfides can effectively reflect the source of ore-forming metals [59] [60] [61] . In our study, the Pb isotope ratios of metal sulfides in the early-and middle-stages are in an apparently linear arrangement on the relationship diagram of average evolution curves of different geological units (Figure 12 ), indicating that they may have the same source or evolution process [62] . The projective positions are distributed between the upper crust and the mantle-mainly between the orogenic belt and the mantle-indicating that the Pb of the Shanmen Ag deposit is mainly the result of the mixing of Pb in the deep-mantle magma and high-radiogenic lead in the host rocks during the tectonic evolution of the orogenic belt [63] . The distribution of Pb isotope values of monzonite and quartz diorite in the mining area [34] is basically consistent with those of the ore minerals, implying the contribution of intrusive rocks. It is consistent with the field phenomenon that orebodies and intrusive rocks are closely associated as well. Furthermore, there is a small amount of Pb derived from a mixed source of crust and mantle, indicating that sedimentary rocks also contribute to the ore-forming materials.
Genetic Type and Ore Genesis of the Shanmen Ag Deposit
The ore-forming geological conditions and geological characteristics of the Shanmen Ag deposit, as well as fluid inclusions and H-O isotope studies, indicate that the Shanmen Ag deposit is closely associated with the monzonite in the mining area. The orebodies showing ongoing features in veins and veinlets are obviously controlled by the faults and mostly grow inside intrusions (Figure 2 ). The transition from plastic to brittle conditions can be observed in intrusions (Figure 6a,b) . The veins are quartz-rich in the core and sericite-muscovite-rich at the rims. The coarse-grained muscovite formed in the early stage of mineralization and sericite formed nearly simultaneously with silver mineralization.
These characteristics might represent the existence of a continuum between magmatic and hydrothermal processes [64, 65] . The ore-forming fluid in the early stage belonged to an H 2 O-NaCl-CO 2 system at medium-high temperature and medium-low salinity and gradually evolved into a low-temperature and low-salinity H 2 O-NaCl system during the mineralization process. These characteristics are similar to typical mesothermal hydrothermal deposits in Northeastern Asia such as the Haigou and Xiaobeigou gold deposits in the Southern Jilin Province and the Samwang Ag-Au deposit in Korea ( Table 6 ). The H-O isotope compositions show that the ore-forming fluids were mainly derived from magma with input of meteoric water. The S and Pb isotope results of the metal sulfides indicate that the formation of the Shanmen Ag deposit was closely related to the granitic intrusions with minor contributions from local upper crustal components, which indicates that the ore-forming materials mainly came from magma. In summary, we consider the Shanmen Ag deposit to be a medium-low temperature magmatic hydrothermal vein-type deposit. Minerals 2019, 9, 586 23 of 29 The monzonite exposed in the ore district can be identified as the ore-forming intrusion based on the geological evidence as follows. Firstly, the ore bodies mostly occur in fractures and approximately parallel to monzonite, but those in quartz diorite have an apparent boundary with wall rocks. This indicates that the mineralization has a very close relationship with monzonite rather than quartz diorite. Secondly, the H and O isotope data show that the early ore-forming fluids were mainly of magmatic origin. Monzonite, therefore, might be the source of magma fluids. Finally, silicification and sericitization related to the mineralization is found in monzonite as well and becomes weaker as the distance from the orebodies increases, but the quartz diorite is mainly affected by chloritization. Zircon U-Pb dating of monzonite determined by LA-MC-ICP-MS gave an age of 164 Ma (unpublished data). Therefore, we consider that the ore-forming age of the Shanmen Ag deposit should be consistent with this age, in the middle-late Jurassic. In this period, a series of medium-temperature hydrothermal gold deposits related to intrusions formed in the eastern segment of the northern margin of the North China Plate, such as some gold deposits in the Jiapigou-Haigou Metallogenic Belt in Southeastern Jilin Province [66, 67] . The ore-forming background studies show that the collisions of micro-continental blocks in NE China had finished. Subsequently, this area evolved into the stage of the Pacific Rim Structural Domain. The Paleo-Pacific Plate began to subduct westward, and NE China was in the active continental margin and island arc environment formed by plate subduction [9, 70] . The original magma was mostly formed by the partial melting of upper mantle materials and/or crust-mantle mixing, which is consistent as well with the result that the mineralization materials of the Shanmen Ag deposit had a mixed source of mantle and crust. Wilkinson et al. [71] concluded that giant ore deposits can form rapidly from small volumes of magmatic-origin metal-rich fluid in subduction settings. There is some silver mineralization occurring in subduction settings in the world, such as in the Imiter deposit in Morocco and the Rochester deposit in the US [65, 72] . They both have similar characteristics to the Shanmen Ag deposit such as medium-low ore-forming temperature, vein-type mineralization and control by structures. Besides, comprehensive studies indicate that the Shanmen Ag deposit and the gold deposits in the Jiapigou-Haigou Metallogenic Belt have great similarities in terms of their geological characteristics, physicochemical conditions, and ore-forming tectonic setting [66, 73] . Therefore, we consider that the Ag mineralization and related magmatism of the Shanmen Ag deposit were in the tectonic background of an active continental margin and island arc due to the Paleo-Pacific Plate obliquely subducting to Eastern Eurasia in Yanshanian (Figure 14 ). Minerals 2019, 9, 586 24 of 30 The monzonite exposed in the ore district can be identified as the ore-forming intrusion based on the geological evidence as follows. Firstly, the ore bodies mostly occur in fractures and approximately parallel to monzonite, but those in quartz diorite have an apparent boundary with wall rocks. This indicates that the mineralization has a very close relationship with monzonite rather than quartz diorite. Secondly, the H and O isotope data show that the early ore-forming fluids were mainly of magmatic origin. Monzonite, therefore, might be the source of magma fluids. Finally, silicification and sericitization related to the mineralization is found in monzonite as well and becomes weaker as the distance from the orebodies increases, but the quartz diorite is mainly affected by chloritization. Zircon U-Pb dating of monzonite determined by LA-MC-ICP-MS gave an age of 164 Ma (unpublished data). Therefore, we consider that the ore-forming age of the Shanmen Ag deposit should be consistent with this age, in the middle-late Jurassic. In this period, a series of medium-temperature hydrothermal gold deposits related to intrusions formed in the eastern segment of the northern margin of the North China Plate, such as some gold deposits in the Jiapigou-Haigou Metallogenic Belt in Southeastern Jilin Province [66, 67] . The ore-forming background studies show that the collisions of micro-continental blocks in NE China had finished. Subsequently, this area evolved into the stage of the Pacific Rim Structural Domain. The Paleo-Pacific Plate began to subduct westward, and NE China was in the active continental margin and island arc environment formed by plate subduction [9, 70] . The original magma was mostly formed by the partial melting of upper mantle materials and/or crust-mantle mixing, which is consistent as well with the result that the mineralization materials of the Shanmen Ag deposit had a mixed source of mantle and crust. Wilkinson et al. [71] concluded that giant ore deposits can form rapidly from small volumes of magmatic-origin metal-rich fluid in subduction settings. There is some silver mineralization occurring in subduction settings in the world, such as in the Imiter deposit in Morocco and the Rochester deposit in the US [65, 72] . They both have similar characteristics to the Shanmen Ag deposit such as medium-low ore-forming temperature, vein-type mineralization and control by structures. Besides, comprehensive studies indicate that the Shanmen Ag deposit and the gold deposits in the Jiapigou-Haigou Metallogenic Belt have great similarities in terms of their geological characteristics, physicochemical conditions, and ore-forming tectonic setting [66, 73] . Therefore, we consider that the Ag mineralization and related magmatism of the Shanmen Ag deposit were in the tectonic background of an active continental margin and island arc due to the Paleo-Pacific Plate obliquely subducting to Eastern Eurasia in Yanshanian (Figure 14 ). The mineralization process of the Shanmen Ag deposit can be summarized as follows. Under the influence of the Paleo-Pacific Plate subducting beneath the Eurasian continent in the Yanshanian period, intense magmatism and deformation occurred extensively in the Southern Jilin Province. The NNE trend faults in this area are considered to be the result of the westward subduction. Partial melting of the lower crust and ascension of the asthenosphere caused by the interaction between oceanic crust and lithospheric mantle led to the upwelling of magma along deep fractures [8, 48, 70] . The CO 2 metal-rich magma reacted with surrounding rocks and gradually condensated during ascension-resulting in the input of more crust materials. With the magma crystallized in continental crust, hydrothermal fluid was exsolved. Silver and base metals such as lead and zinc are mainly transported in the form of chlorine complexes under acidic conditions with high temperature, salinity and oxygen fugacity [75, 76] . As the fluid evolves, temperature, salinity and oxygen fugacity decrease while pH rises, causing the stability of the chlorine complex to be destroyed and the main complex form transferred to a sulfur-hydrogen complex [75, 77] . Therefore, in the high-temperature magmatic fluid system of the Shanmen Ag deposit, the Ag element was most likely transported in the form of chlorine complexes [78] . As the hydrothermal fluid migrated to the shallow part of the earth's crust along faults, the fluid system boiled due to the sudden release of pressure in the tectonic fracture and cooled because of the removal of high-temperature vapour [75, 79] . The metal-containing sulfur-hydrogen complex began to precipitate pyrite and other sulfides in the early stage, with the fluid inclusions exhibiting two extremes of low-salinity carbon-rich inclusions and medium-salinity gas-liquid inclusions. With the input of cold meteoric water, fluid mixing occurred, and its temperature and salinity further decreased, causing the ore-forming fluid to reach the immiscible zone of the CO 2 and H 2 O phase [80] . This led to the loss of a large amount of volatiles such as CO 2 , decrease of fluid oxygen fugacity, and increase of reductivity. These changes of physical and chemical conditions of fluids reduced the stability of numerous metal complexes, causing the precipitation of low-temperature crystalline minerals such as lead, zinc, silver and the formation of a large amount of metal sulfides. Afterward, the liquids contained almost no metal elements and the mineralization evolved into the late stage, forming low-temperature hydrothermal alteration such as carbonation.
The CO 2 component has an important influence on the oxygen fugacity and pH of hydrothermal fluids [81] . During the mineralization process from early-stage with deficient sulfides to middle-stage with polymetallic sulfides, the nature of the fluid changed from a medium-high temperature, medium-low salinity H 2 O-NaCl-CO 2 system to a medium-low temperature, low-salinity H 2 O-NaCl system, indicating that the decrease of temperature and the CO 2 component had an important role in promoting the precipitation of metals such as lead, zinc, and silver. Therefore, we believe that the fluid mixing of fluids of different nature in the middle stage was the main mechanism of mineral precipitation-which was carried out in a reducing environment-and that the release of CO 2 and the relatively low temperature were an important cause of the precipitation and enrichment of the silver minerals.
Conclusions
(1) The Shanmen Ag deposit is hosted in monzonite and quartz diorite and has developed some typical hydrothermal alterations such as silicification, sericitization and chloritization near ores. The mineralization process can be divided into Stage I (pyrite-quartz stage), Stage II (quartz-Ag-polymetallic-sulfide stage), and Stage III (carbonate-quartz stage).
(2) The fluid inclusions in ore-bearing quartz in the Shanmen Ag deposit mainly include liquid-rich, vapor-rich, and CO 2 -bearing multiphase inclusions. The ore-forming fluid changed from a medium-high temperature, medium-low salinity H 2 O-NaCl-CO 2 system to a low-temperature, low-salinity H 2 O-NaCl system during fluid evolution.
(3) The genetic type of the Shanmen Ag deposit belongs to the intrusion-related medium-low temperature hydrothermal vein-type. The H-O isotope data suggests that ore-forming fluids were derived mainly from magmatic water with the input of meteoric water. The S isotope data shows that the sulfur in ore-forming fluid has mixed source of magma and host rocks. Pb isotope data indicates that metals are of mixed sources from the mantle and crust.
(4) The existence of brittle fractures led to a sudden decrease in the lithostatic pressure, causing boiling of the ore-forming fluid. In Stage II, the mixing of hot magmatic water and cold meteoric water caused the temperature and salinity to decrease, the CO 2 component to escape, the fluid reducibility to increase, and a large amount of sulfides to precipitate. The release of CO 2 and low temperature are the most important factors that trigger the precipitation of silver and other minerals, and fluid mixing is the main mineralization mechanism.
